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m^^<7)te^a« v^ta izmm z ti&mumm tit* 

ri f , M%L<DT>7-i-x.l'* > hZ&L, mWt<7)TyTl-^u* > h(D&* Izmir 
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o 

ummi o] Mtmmmmm&vmtmu^mmwwx-x-e. mmm. 

[0 0 0 1 ] 

[^^i-^^#f^EP] 

^Atl&itit) (M I MO : M u 1 t i p 1 e Input Mul 
tiple Output) M<?)iilff->^f A, S^'MIMOM^ 

i§<i v * 7- a r-^ffl $ n h mzmmmw bzwrn-rzo 

[0 0 0 2] 

[^*o^f] 

znnn&mwci*. mrnmm. mmmm, &m&n, mmmmmmm^x 
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y^i-gtzm^irzt^. ^m^mmm'Mi^). mmm<7)fa±.^*mz>^t 

[0 0 0 3] 

<7)Mm<VT yy-i-<n&* ZMCxmmiM-W^? h^x (t) = (xi (t) , x 

2 (t) , . . . , x M (t) ) T &mmzti2>o nu ttj (±, mm (t r 

a n s p o s e) £lcU Mti 2 J^±O^tfc-C&£ 0 Mj@<7)7 >t^<7)£* 

■^-T^f L^M^S^T, ^fff^^h^y (t) = ( yi (t),y 2 
(t) y N (t) ) ^m^htiho 1£U N(i2i^±O^-C^)0. 

[0 0 0 4] >~ J 

^<7)J#^;£>v>T, jg&flr^* h^x (t) W^f^Mi^y (t) OflflKJi 
, (1) 7& ? J£jl1-& iOtt^o 
[0 0 0 5] 
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i (i 1 W±NJ^TO^tfc-e&i'K j ti 1 W±MWTOltt*^„ t£oT, ^-v 
^;Hf?'JH(i, NfiWU (NXM) W.<DfrWhZ>o P It&^WJ} *^i"o n ( 

10 0 0 6] 

^•r^;w^iJH^M-r^>^fllic*^flPJJ^i-^^^^{i> mfeguMfz *) <7) (It 

*) ^fe^iij^ (bps/Hz) xmMzn&mm^m. (c*u*. zs*s> 

#S (Shannon capacity) t & HW*iTw£ 0 ) Ji, jgffi&lK 

^jf^MWx (t) , y (t) ^ih&^ttflSlff&MI (x ; y I H) <D 

W'&W.*tZ>Z.tX\ (2) <D£ -) MWffilr&Z ttfBlifc~?$>Z>o 
[0 0 0 7] 



41 U H(U^3- Ktt(ergodicity) £t^U T >+r > y^TOSr 
»W^-f^U#£^ti*-£o E [•] fi»H#ii£ £ £ d t 

o I N {± N^7C<7)#fitf?iJ^^-ro T*J ^xfSM (transposed 
conjugate) £^i~o det ( • ) It, tfWtfZZ^t 'o 
[0 0 0 8] 

ii k , ^flMs <r>-®3ix-<f- * * )Hm h k M-r & wmtf&m zti&m 

^Kf*> I^BfiCIl, ^ (3) <D£7lz$mztL&& 0 
[0 0 0 9] 



[&2] 



E [l(x;ylH)]<E logdet[l N 
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1^3] 

C^log.fl^] ...(3) 

II U a, X i (i, HH*T^l$a^^Jwpgt (rank) Wi#@<7>@ 
M (eigenvalue) £it-f 0 ill, i fi 1 m_t a )XT <F>mfcVlbh 0 
[0 0 10] 

10 0 1 1 ] 

[#Nf IT^m 1 ] 

I.E. Telatar, "Capacity of multi-antenna Gaussian channels, " Bell La 
bs. echnical Memorandum, 1995. See also Europ. Trans. Telecommun. , vol.1 
0, no. 6, pp. 585-595, Nov. -Dec. 1999. 
[0 0 12] 

G.J. Foschini and M. Gans, "On the limits of wireless communication i 
n a fading environment when using multiple antennas, Wireless Personal 
Commun. , " vol. 6, no. 3, pp. 311-335, Mar. 1998. 
[0013] 

G.J. Foschini, "Layered space-time architecture for wireless communica 
tion in a fading environment when using multiple antennas," Bell Syst. T 
ech. J., vol. 1, no. 2, pp. 41-59, 1996. 
[0 0 14] 

J.B. Andersen, "Array gain and capacity for known random channels with 
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multiple element arrays at both ends," IEEE J. Sel. Areas in Commun. , 
vol. 18, no. 11, pp. 2172-2178, Nov. 2000. 
[0 0 15] 

i§tw*m-<kL£d t-tz>mm\ 

[0 0 16] 
[0 0 17] 
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[0 0 18] 
[0 0 19] 

H2(±. M = N= 2 co^O, ^'JHH*c7)@^<7){i^o§:HK1-^ v< j- 

o 

[0 0 2 0] 

(1) mmzot u Hitman*: i t-r&mmv<>xftifi (cn (o, d 

[0 0 2 1 ] 

(2) ^L7t-f--V^Mf^JHC^V^T, HH*«f^ i, A 2 *46& 
o M = N= 2 HH*li2 X 2 M^f^m^ <9 , -e^Pf^C (rank 
) ^2T-^)ti(i\ 2o<7)@^fiA i, A 2 (A 1 ^ A 2 ) 7H#«b*i&o 

[0 0 2 2] 

(3) (i) str (2) <v^m*&mmm%L, ^mos^fiA 1 n) , a 

[0 0 2 3] 

(4) ^iv^a^fA i i;mi-&^«o^«5^£p^3-£t\ 

7MIM0ch liimhin, /hS v^<7)@^r{i a 2 ^Mt-^^U^a^S- 
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«^4C:tt, ^'7 7MIMOc h 2* f #«btL4 0 B^TflA i, A 2 ^¥ 

**J{lA a v e^ra-r^>^S^«^^p-<^>C<i:T% ^*77MIMO a v e 

rag e ****fcrt- @WH A lf A 2 ^StA total hft^W&M 
^^m^hZ.tX^ ^77MIMO to tal ^Ifbti^o IC Jtt^£# 
1 A7J 1 fcb* (SISOiSingle Input Single Ou 

t p u t) M^liIliy^fA«^)l (h i i 2) & N 7*7 7S I SO 

[0 0 2 4] 

U^t^77MIMOc h 2 7& ? 7£lBJlCf£SL, ^:#v^@^ffiA i ©SM*^** 
^t^'77MIMOc h H^flcet Ltv>«5o $)x.fi\ 'h$v»@*rfiiA 2^ 

o 

[0 0 2 5] 

0 3 HUto->* al/-yg M= N = 4 <Di§£-tCO v^T^f 

fr*i-CV**j&"C*fc*o BPt>, :«vUl/->3>tli, 4 flU OS Wit A l 

IMOc h 1M4W<9*1, S^rfltO^fiSS^ft^ov^-CO^, Hf»5^ 
JfrfcH^a^fc-e, 7*7 7M I MO a v e r a g e ?M I MO t o t a 

\i>mh*lho MK, ifcigcffiU, S I SOOi|^^7 7 4IMTv^o HI 3 

[0 0 2 6] 

H4ii, (i) - (3) o^jikhj: vMmztitzmftmzm'zt^xmm&mm. 

*£jFl"o :Ov5 ff^t^l^Jt (SNR : S i g n a 1 

to Noise Ratio) ^1 8 dBT^I.Ct«$tiTv>^ 0 ^§ 
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7MIMOch ltmbti. W^v^^H^rfltA 2 < iHtS&Sfi^^S. 

^«^^rP^^-«!:T% /5 7MIMOc h2* { Ht>ii-6o St«A i, A 
2 ^> I P^ilA a v e Hlcf< ilff & WS^^S fcW^a d i: T\ ^* 
77M I MO average tW^> B^fiS A i , A 2 ^o* ft A t o t a 1 l: 
*cf<ii«f&#a<7)55'^^«^^P^'2>-<i:T% ^77MIMO to ta 

7M I MO a v e r a g e total^^^o^ : > Jti^i:, U 
73ltti73 (SI SO) ^Oft|j»>i'fBv^-rA<^J»^Ojifl!»S*<>, 777S 
I SOi Lti^iiT</>4o 
[0 0 2 7] 

^t/7 7MIM0ch2»tl, ^JJCTCiv^^A 
ti^t^7 7MIMOch l^IMtv^ 0 /h^v^H^-fiiA 2^ 

o^tlt |<j9 0%<7)^--V^^#fi7) ? 5 b p s/H zJilTCiotLt -7 75 ? , 7v 
§v^@^"fiA xtcov^Tfi, 5 b p s/H z mT^^^^>{ii5:%e«^ii#'^v> 
-t^fr^&o MK, /h$v>HWfllA 2 ^Mi-^ii<S^#* (MIMOch2) 
14, SIS < ^otv^Cii^Wo ¥^JffiA a v e 

U*o*< iUgS&WiO^ftM I MO average total 1 ^ #H^Tffi A 
i CS^<H«i^MIMO t o t a 1 * * 4- x. T 

[0 0 2 8] 

EI 5 fcEMfcOv ^U-y 3 jjii-fiK M=N = 4 W^i:oi/>t1fi? 

A 2 — ^ 3 — ^ 4 ^^<ii^K#Jfc«O^S^»^*S«^*- tX% II: 
^7 7MIMOchl 7!;S 4 ri s f# <b *U MffiO^li&t^ftKg^ < ii'fg S& 
fl^S^llM^i^^ C i t\ 7'77MIMO aver ag e &^* 
77MIMO to tal tmhtlho £tz. ¥*SMit A a v e SUSBSF* 
£ 4fgf1"* Ctt/77M I MO average total ?Wb*i*<» 
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, Jt^ffltc, s I so«o^7 7 ^m^tirv^o 0 4 ®W 

fgA i ~ A 4<0^/MM^C*tJC&LT, ^?>l?l»5Hj*>j£A/-CV>&C t**^*o 
[0 0 2 9] 

i6(t tfyijHH*^#@^rii^*tc£i-4afgKu, b p s KmmzMLfzm 

^■Zfcj&Z-tttzWi&nmVm (BER) HKi-* v3 i U--> 3 >i$^^^-r 0 
m=n= 2 <b £&j£L"Cv>£ 0 /hs^s^A 2*-Mi"*ii 

! HKi-^ilfaf&^mO^^^^-^T', ^'7 7M I MO c h 1 i>mbti2> 0 
MO a v e W'7 7MIMO t o t a 1 jWb*L*o TOfS A a y e IZ 

m^<mm&&m:<z>£-mzn-f2>m>o?¥Zffi'<2>ztx\ ^77MiMo a v e 

rage total **W^*t-6 0 JttfcfflK* S I SO^©^77i 

[0 0 3 0] 



v^o $lxJi\ Eb/N 0 ^l 0 d B^it^-tc, ^ § ^H^oilff ^ ^ ( 

MIMOc h 1) fi 1 0 - 5fIJttC;®r&v^\ /hS v^^fiojljf S§<7)|£ 19 ^ 
(MIMOch2) (ilO"2j;f)I<^o-CLi% 
[0 0 3 1 ] 

07^ ^'JHH*0#@^fltC^Si-^®jfi^^, B P S K^P£ML7^f 
^fc^^/cit^l^^ (BER) cnt^. ^.l/-->3 >|g^:^7Ft-o 
HU M = N= 4 Xfr&Z t ^S^Ltt^o 4mSi<7)a^fit A 1 ^ A 2 ^ A 3 
^ A 4 tcMi-^>ii«l^omi9^^^-<^«l fc-C, J!|fUc?*9 7M IMOchlM 

7*7 7M I MO a v e r a g e W57M I MO total JWbfrSo 

. ¥^a a v e^^^&^^An^mzttirzm^mzm^&ztx, y 

v 7M I MO average total i>*tohtl&o JfcUcffiK* S I S 
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[0 0 3 2] 

flH&0>i&«JSgt±, S I S OWi^i 19 ^oTv^o 
[0 0 3 3] 

^IWiC a i i &B'm<0 LX Li o Z. t^h^^^o Mx. 
If, M = N=2 0*^:, *£v>B*fitA i HMi-^ii«l^#»^C i arge 

/h$v>B^HA 2 fcM-*&»m#**C sma 1 ltLt*^:, 
OdUgg&^fiC a 1 1 t*. 

Ca 1 1 a rge+^sma 1 1 

X*mZtiZ>o Z<Dm&K, /h£v*B3HiA 2 KI»-*"&iHRf&^*C s m a i i <7> 

[0 0 3 4] 

H<7>*T?iJ3S*h i j fcHSSLfc^fciMflifc^T ^ 0 iiJ^WCIi, 5fc1% 5i£<7> 

A a v ert^WSfi&o -^^titA a v e Li/*B*rfl6£#x. * <fc 9 &tT?'J 
(H' ) (H' ) *, BP^^Mt^'JH' OfT^3?*h i j' j& f &lt$*L*o 
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[0 0 3 5] 

^|JA«\ M=N= 2 <7)*f^-tC, S^iilA a v e ^M1-^M1^#»^C a v e 
h-r££, ^f^IIII^iiC a l l {± > 
Call = 2C a ve 

-r^£ft& 0 @^rfa<7)¥^fi a a v e K&^KiMi&Sfiti, nu, 5&;&tt& 

/77MIMO ave rage^^> ^O^O^Wfili, ^'7 7MI 
MO average total El 4 OtfiJ-Cti 2 o<7)jIft5&<£>#* 

t5^*7 7MIM0 a v e r a g e "C7K^n^#*^#x., gj 5 WJTte 4 o<7)il 
lf{&<7>;§-*7^7 7M I MO average £ *i & £ # x. & 0 ¥*^flSt- 

MI MO a v e r a g e> {± > S 1 SOO#^i •) MFfciM & 0 «t •) 

jElfcKfi, HH *0^@^7!> ? ^ft^¥#rti^&£ «fc d tCf-A'^Mf^JHOfi 1 
yiJS*SrW»-C§^:fc-r&fc, Wfl^OfT^JJC|W-t-*ii«K#J|**S I 
^J:f)/hMi»fL<^noIi:, 06, 7 Kf;£*i>i> <fc @ 
^{gOTOfitA a v e < MiS&vm <9 ^ (^57MIM0 average 

) fi> H*Tftj&*wr £>o^Tv>& (7'7 7M I MO t o t a 1 ) ^ •) 

[0 0 3 6] 

ttfvsmt~%2>o zcoxozm&iii, m=n=2, 4\zmh-f, —tew&N, m 

[0 0 3 7] 

m 8 «\ ^inwu i-i^MiMo #5£*>#Mftflflr -> * r- a n^ffl $ n & ^ 

i^HE 8 0 2, 8 0 4 £^rf o &&&M$£S 8 0 2(i, ^r*3MHL\t 
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ffifi (E^-thf) ^£*UffiLT, £fg#.<^ff t^ffl^^ &(7)-C£>£o L^L 

mZWi&Z t ^^hho ^i&^lJ-eti, <b M1@ <7) T>-r^-^ 8 0 6 <D 

Lt^U 'ffeO^M^J'efi, Mj@<7>[*]<7>— %¥><DTyT-f-%8 0 6rt ? igj£<T^-T> 
ftCi i9ffM£*U ^rtim]-(DTy^i-U8 0 6 (± l o^|7>rt 

iZX lOMJ&Zti&x^ tZ-T&Z t & pI^-C^^o t"<7)T>T-^^8 0 6 ^I£7 

[0 0 3 8] 

^ii«^m8 0 2 (i, Mj@<7)T>T-^-^8 0 6 izftfo LTf£lt <b tt/z 

£1^8 0 8 ^tL> #gg&«B8 0 8 f±, T>f-f SR8 0 6 t:B5t47tn^f 

mtri-uyrj vtnwm&t Lr«fiii-*o #HJi0U:tt*fc>K £Hf#ig& 

[0 0 3 9] 

&BB8 0 8 \z\t}Z*i&7*4 V9 ^m^r, Xi±#l2tfegI5 8 0 8 ^ <b ft^ $ ti& t 
[0 0 4 0] 

ffi*$.<Dtzi6, ^mmm-eummmm^m so 2, 8 0 4 immzmmzm-tz 

L> teHiiif^® 8 0 4 f±, NiSOT >7--rn% 1 2 ?:tL> *nb&*\z%m 
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ltfWftlSB8 1 6 K J: 0 * i^#^ibtL^ 0 0L> i it 1 m_LN^JlT<0^m-e 

3£) o 

[0 0 4 1 ] 

i9ii, m^ftttmu^i^8 io,8i 6«yo^i^to fi^ttttsy 

ttfflflJSBli T > -r -J-flSri* «b !# hiitzm^r * «iJ5ef h \Wj£M> 9 0 4 , ^ + * Mt?iJ 

*M&-fz>miim.»ft%f>9 o 8. Mff^^^^^Mf^ijH' ^#m-r^>^»^9 

1 0, ^O f iIST^-T>-r^<7)tl'fp]14^$IJ®i-^fi^P^9 1 2 £^-f& 0 

T&&^U T^S^^ ;u£ftlt&^ Wf7 M >7(a^t!ToT^^ L> 

Jt^ft* 3§[S]14£P^-f fc**nr^-C*niiT iv> 0 

[0 0 4 2] 

«^®8 0 4 zmmmt-rz*^ mimmif^mm^mzir^zt i>mmzvsm 

X$>Z> 0 Tfe-f, ilIifSt8 0 2(i, 7>ft358 0 6 ^£>|#<b titzMfflmt 

^i»8 0 8 CTTtn^f^f^ y^^fC^U M&m<^£tt3JDL 
T^*i£ficMWftlJ$)g&8 1 0 tzzgAi-^o ft, m%-<Dtztb^ -7o>hi>KH 

M-raM^fiiii^^tL-cv^v^ m^#tt$uiip^8 i o-ett, $fii^ 

IB U i fi 1 J^±NJ^T<7)Si5:-e^) i9 , j t± 1 WlMTOSSt^^o «S5eK 
>hn-79 0 2 <7>ftilJiP<7>T^MTO9 0 6 izxftfrti&o Z^Xi teMMm 

t>tihztx^ mmnm^imm^^m^mm^ms 02,80 4.**, si£<7> 
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o 

[0 0 4 31 

HH*<7)Pt^ (rank) £^h- 0 ) > &m^m<v&$m, mmm<v¥tm a a 

ve ^£*tti1"£o -tL^OMSfi, @^flt^tti^9 0 8 iZX *)fr t>fih 0 *H 
WUTti, Mm<7)T>7-i-U8 0 6 <h Nf@<7)T >t--^ 8 1 2 &?f&-f Z> <DX\ 
^•Y^^^iJHfiNxMHO^f^JU^ (9 , HH*liNxNiOlEM?iJi:^^o 
^oT, -^W^(iNj@<7)HW'fiA i^?#<b*L£ (Ai^- • -^A N ) o 
[0 0 4 4] 

m&ttimmm*. mx<Dm^m.&mmx a v e t%z>£n%^**Mm 

H a v e m$jm.X a v e LT^£>& 0 SP*>. fir?'J (H a v e ) (H 

ave ) *«i«TA ave ^^^^ -^^r^Mf^JH a v e 

[0 0 4 5] 

S^ttTOJtWli, iji£<o^-v*;Mf?iJH^\ Lfc^-v ^MtSHIH a v e 

^OM(i> i^fi^9 1 2 K J:oT^f^tL^> 0 ^ ^^ffWnm-^m^-f 

-2> C £ (i, «fc o K LT^f 9 - £: ^fg-C^^o 5fcT\ fttftiift ^fi: 8 0 2 HO 

^#J*9^TT£>< 0 TOtC, it*llSlf^S8 0 4fPJj<0N^O7>^g&8 1 2 <D 
#*C«>, 5v^S£-t£^m?'JD ! -D N ^^HuC#JO^TTio<o -tub 

*8 0 4Oj #g(7)T>x^-^8 1 2^\ frt^iJC j (OmMJj&l^ *J 
A^[6]lt, «UIM3?§*8 0 2 O i #g<7)T>7 : -^S|58 0 6 rt f , ft^^'JD i O 
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ft*) U^^SrlfiJtt* J: d Ci-njf, *<Dftm&%h j j < -t&Z 

izte&o 1%&]&<7)mfflte, T>ri-US 0 6, 8 1 2 mztStlf btitzM.fr m 
j, vi h$GL^ToTkliV>U Ztlbt&mLTft<oTi>&^ 0 
[0 0 4 6] 

*HJSW-C»±, MiBOT>-r^8 0 6, 8 1 2 W.T^igEfcT W-7 
KJ: l)^j£S*iT*5«K 7>ft^8 0 6, 8 1 2 ^KgiJ* H*i|6j14*gHSSi"* 

o ^<7>.£, IKO7>fta8 0 6, 8 1 2 rt*iSJ£Tl'- 7 >x J£ 
[0 0 4 7] 

ve ^***^*^^o ±&Ltz£7lz, Z<7>SLn%MmW%&n&Ztitz% 
a v e t »3 > ifr^Jim^SC a i i <7>&X t:1&blzmmir & ZttfvSMlz 

»fefc < , H*flto^f> o # < i- £ fitfe & mm^^m bti&o 

«»K/h$fcBW1i6ri*5&&L*»7*Uf, BP *> * ;u - •/ -y h 
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